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Abstract 
Our pixrpose is to present a p rac t ica l cr i ter ion for the s t ab i l i t y 
of ecosystems. 
As the Shannon-Weaver formula is largely used as an index of di-
ve r s i t y , we have shown tha t the average index of diversi ty of an ecosystem 
H can be wri t ten as : 
H = Ho - D, 
where HQ i s the diversi ty of a reference s ta te and DQ the average 
index of f luctuat ions. 
:Toreover, the index of fluctuations DQ can he used as a cr i ter ion 
for the s t a b i l i t y of an ecosystem. 
The discussion of the time derivative of the index of fluctuations 
DQ leads to the non-asymptotic s t a b i l i t y of the Volterra-Lotka model for 
any arb i t ra ry perturbations received from environment. 
Final ly , the variat ion of the dis t r ibut ion of ^ajsidaoea at a point 
of the North Sea i s discussed. The index of fluctuations appears to be a 
very a t t r ac t ive measure of the effects on the ecosystem of external pe3^-
tiirbations such as t i d a l effects and turbulence. 
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Introduction 
Ecosystems are subject to the lavr of conservation of matter and 
are open systems with respect to energy, usually light energy. Materials 
must cycle throughout the ecosystem following the general laws of energy 
transformation. High quality chemical energy degrades to lower quality 
energy under the influence of catalysts which control the rates of the 
various processes. We want to review briefly the response of an ecosystem 
to different variations of materials in the environment^ of the condi-
tions affecting the rates of processes and of the transport of energy. 
Physiological adaptability allows individual organisms to cope with 
variable conditions affecting the use of energy. 
Variations in the activity or size of individuals imply variations 
in energy transformations and in energy storage. Due to time lag, 
variations in the number of individuals in the various species cause 
oscillations in the size of populations;, the regrowth of a population 
may lag behind the reappearance of the energy supply. The ecosystem self-
organizes with compensating variations v/hen a decrease in the abundance 
of some chemical energy may be accomodated by an increase in the abundance 
of others. 
In general, an ecosystem self-organizes as to reduce environmental 
variations (like Lenz's law in electricity). 
A necessary condition for the stability of an ecosystem is the 
balance condition. An unbalanced system will change until it becomes 
balanced; the ecosystem must periodically re-establish its own cycle 
structure in changing its distribution of materials. In certain condi-
tions, the ecosystem can be highly nonlinear and an ecosystem can be 
very stable even with large fluctuations. Reduction in the oscillation 
of one species must be compensated by an increase in the fluctuations of 
some other species. The change in number arising from populations oscil-
lations will be reflected in a corresponding change of energy. 
However, this change of energy can be minimized if the organisms 
of these oscillating populations are simple and can follow the variable 
energy supply without too much time delay. 
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Another s t ab i l i z ing mechanism in an ecosystem is the development 
of m-ultifunctionality with resul tant increase in the number of possible 
pathways of energy flow in the food cnain. The efficiency of an eco-
system increases with multifunctionali ty (paral le l processing) and tonder 
these conditions the en t i re system is more stable because the flow of 
resources i s d is t r ibuted over a number of different paths . 
The problem of s t a b i l i t y and i t s re la t ion to divers i ty has been 
discussed by a number of authors [Pielou (1966) measured divers i ty in 
different types of biological co l l ec t ions ] . 
In pa r t i cu la r , MacArthur (1955) has proposed an index of s t ab i l i t y 
based on the fraction of the energy reaching the top of the web along 
each d i s t inc t pathway q.^  of a food chain : his index i s highest when 
q^  i s the reciprocal of the number of possible pathways ; i t may be the 
same for food webs involving few species with many connections as for 
those with many species with few connections. Odum (1953) has suggested 
that s t a b i l i t y increases with the amount of choice which the energy has 
in following the paths up through the food web. But these indexes are not 
prac t ica l ly u t i l i s a b l e . 
Our purpose in th i s paper i s to obtain a p rac t i ca l c r i t e r ion of the 
s t a b i l i t y of ecosystems which is in agreement with such theore t i ca l model 
as , for example, the Volterra-Lotka model. •/ .— . , 
Star t ing from the Shannon-Weaver formula, Longuet-Higgins (I97l) 
calculated the divers i ty for several theore t ica l d i s t r i bu t ions . He 
showed that i f the d is t r ibu t ion of species is a complete log-normal one, 
then the diversi ty depends only on the t o t a l niomber of species S and 
2 the variance a of the d is t r ibut ion of the species arranged in octaves. 
In our paper, we have derived from the Shannon-Weaver formula a 
very simple re la t ion which depends only on two quan t i t i e s , the t o t a l nvun-
2 ber of species S and the variance 0 of the d i s t r ibu t ion of species 
around the mean. If the d is t r ibut ion is arranged in octaves, Longuet-
Higgins' formula is rediscovered. (L'ote that the present derivation has 
the advantage of making no dras t ic assumptions about the d i s t r ibu t ion . ) 
When the d is t r ibu t ion of species differs greatly from a uniform 
d i s t r ibu t ion , the derivation i s no longer correct. Then, we introduce, 
for each proportion p^ , the space-time average p'^  and we ca l l the 
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ensemble of the p^ ^ ' s the "reference s t a t e " . The diversi ty may be 
writ ten as the difference between the divers i ty of the reference s t a t e 
minus a posi t ive definite fiinction in the sense of I^rapunov : the index 
of fluctuations DQ which is the deviation of the d is t r ibut ion from the 
reference s t a t e . 
Since the index Dg is a pos i t ive defini te function which is zero 
at the reference s t a t e , the time der ivat ive of DQ can be used as a 
c r i te r ion of s t ab i l i t y of the ecosystem, in the sense of lyapunov. 
In order to t es t th i s index D, by studying the s t a b i l i t y of a 
theore t ica l model, we discuss br ie f ly the propert ies of the Volterra-
Lotka model. 
The Volterra-Lotka equations describe the dynamics of a predator-
prey population. Considering the non- t r iv ia l case, any set of i n i t i a l 
populations yields periodic population variat ions which are represented 
by a closed curve about the steady s t a t e . There i s a whole family of 
these curves depending upon the i n i t i a l conditions. Moreover, the time 
averages of populations during a cycle correspond to the populations at 
the steady s t a t e . 
We adapt the index of fluctuations to the fluctuations of popula-
t ions ra ther than to probabi l i ty d i s t r i bu t ions . An integrat ion over the 
whole cycle with period T is m.ade to take into accoiont a l l the dif-
ferent accessible s ta tes of the system. A simple re la t ion between the 
mean diversi ty of an ecosystem and the mean index of fluctuations i s 
. . . . . ( 2 ) . 
presented. Moreover, another positive definite function DQ IS 
. . ( 2 ) . . 
constructed symetrically to DQ . A surpr is ing property of DQ I S i t 
differs from DQ only beyond the second order. From these functions DQ 
and DQ , the s t a b i l i t y of the Volterra-Lotka model i s discussed. In 
the case of sna i l fluctuations of the system around the s tat ionary s t a t e , 
the index of fluctuations DQ i s a constant of motion and the system 
( 2 ) possesses non-asymptotic s t a b i l i t y . Moreover, the function DQ is 
surprisingly a constant of a motion of the system for arbi t rary f luctua-
t ions and the non-asymptotic s t a b i l i t y i s val id for any pertxirbation 
received from environment. 
Final ly , a comparison of a l l these indexes is made on an experimen-
t a l example; the variat ion of the d i s t r ibu t ion of Mysidaaea a t a point of 
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the North Sea over a period of 72 hours. The index of fluctuations 
appears to be a very a t t r ac t i ve measure of the effects on the ecosystem 
of external per turbat ions , such as t i d a l effects and turbulence. 
1.- Diversity of a loprnormal d is t r ibut ion 
The Shannon-We aver formula is widely used as a measure of the 
diversi ty of ecological systems [Margalef (1958)]. If p^ is the pro-
portion of the i**^  species , the diversi ty i s wri t ten : 
s 
(1) H = - Z p . In p . 
1=1 
with the normalisation condition 
(2) ? Pi = 1 
i=1 
where S i s the t o t a l number of species . 
Longuet-Higgins ( l97l) proposed to arrange the numbers of species 
in octaves. Writing 
(3) q = In p 
he supposed t h a t , within some range of q. , 
where f(q) i s a universal function, charac ter i s t ic of the parent popu-
la t ion . To determine H , he has the following re la t ions : 
(5a) S = I dn (e « 1) , 
(5h) 1 = f p dn 
and g 
(5c) H = - I p In p dn . 
s t a r t i ng from the complete log-normaJ. d is t r ibut ion : 
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(6) ' f (q) 2 ej^[;_ (^ " g) ] 
Pq v ^ 2 Pq 
where y and a denote t h e mean and the s t anda rd dev ia t ion r e s p e c -
t i v e l y , and c i s a normal i s ing c o n s t a n t , Longuet-Higgins ob ta ined 
(7) H = In S - I Pq . 
This very simple r e l a t i o n depends only on two q u a n t i t i e s , t h e t o t a l 
' of spec ies S and s t anda rd dev ia t ion a„ . 
As t h e f i r s t term of equat ion (7) i s t h e maximum of t h e d i v e r s i t y . 
t* • & e ) 
(8) H ,^. = m s 
which occurs when a l l t he p^ ' s are equal t o the mean p = — , we want 
t o compare Longuet-Higgins formula wi th a s e r i e s expansion around the 
mean p . 
2 . - D i v e r s i t y around the mean 
Using T a y l o r ' s formula, t he expansion of the Shannon-Weaver index 
of d i v e r s i t y [equat ion ( l ) ] around i t s maximiom [equa t ion (8 ) ] 
_ 1 
P = S 
is then written to the second order 
^^'1 u o o - S 2 ^ S (9) H = E {- ^ m ^ + (- m ^ - i ) ( P i - ^ ) + ^ (- s)(p^ - -1)2 
+ 0[(p^ - 1 ) 3 ] } 
which becomes with equat ion (2) : 
(10) H = In S - ^ S Î iv, - ^f + Oliv, - l)h . 
Neglect ing t h e t h i r d term of equa t ion ( 1 0 ) , we def ine t h e index of 
d i v e r s i t y D^ as 
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(11) D^  = In S - ^ S^ a^ 
v i t h 
2 _ 
n — 
s 
2 
(12) "''i.i '!>. 4 > ' 
which inc ludes only the t o t a l number of species S and t h e var iance a 
of t h e d i s t r i b u t i o n of spec ies around i t s mean p = — . 
Writ ing 
(13) q, = In p^ 
(1U) q^ = In p = In - , 
we have 
1 1 1 
(15) q^ - qo = InC- + (p^ - - ) ] - In -
= InCl + S(Pi - - l)] . 
Hence, t o the second o r d e r , 
(16) ^ i - ^0 = s ( p , - • ! ) + o[(p^ -^fl . 
From equat ions (12) and ( l 6 ) , we get 
2 _ 1 ^ 1 2 
S , '-^1 S' 1=1 
s i^i 
(17) a" = 2 ^q 
and equat ion (11) becomes 
(18) D^ = In S - | a q 
which i s s i m i l a r t o Longuet-Higgin 's r e s u l t . 
The d i v e r s i t y D^  i s f a i r l y genera l but i t s v a l i d i t y i s reduced t o 
d i s t r i b u t i o n s of spec ies not t oo fa r from the mean (uniform d i s t r i b u t i o n ) 
So, for very non uniform d i s t r i b u t i o n , i t i s necessary t o define mean 
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values of each of the proportions p . . This wi l l he done in the next 
sect ion. 
3 , - Space-t ime averages and re fe rence s t a t e 
In a general way, the proportion of species i s a function of the 
space and of the time, -i.e. , 
(19) Pi = p , ( r , t ) 
where r i s the position vector and t the time. 
To obtain some information on the diversi ty and the s t a b i l i t y of 
ecosystems, i t may be in te res t ing to define a sor t of local equilibrium 
of the ecosystem-
We sha l l ca l l the reference s t a t e the local space-time averaged 
proportions p^ defined by 
(20) p. = 
where 6V is the neighbo\irhood of the local domain we want to study and 
6T a time suff icient ly long with respect t o the relaxation time of a l l 
phenomena. 
I t may be noted that equation (2) i s always appl icable , i.e., 
(21) E p. = 1 
The state of the ecosystem will be found from its deviation from 
the reference state. In the next section, the diversity is given around 
the reference state. 
4.- Diversity around the reference state 
Using Taylor's formula, we expand the diversity [equation (l)] 
around the reference state of the ecosystem [equation (20)3, i.e.. 
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(22) H = Z {- Pi In p^ - ( m p j ( p ^ - p . ) - (p. - p . ) 
1=1 
+ ^ ( - = - ) ( P i -v,f + oc(p. - Pi)3]} 
which i s wri t ten with equations (2) and (21) 
(23) H = I {p^  In ^ - ^ ^ (p^ - vf + OC(p, - ^jh} . 
1-1 ^ P i 2 p . 1 1 1 1 
Neglecting the t h i r d term of equation (23), we define the index of 
d ivers i ty Dg t>y 
2 
{2k) Dg = I (p, in ^ - ^ 1^) 
i . l ' Pi 2 p . 1 
with 
(25) cr^  E (p. - p . )2 . 
As the second term of equation (2ii) i s posit ive def ini te and has 
only one zero at the point 
p. = p . ( i = 1 ,2 , . . . ,S) , 
we introduce an index D* defined hy 
+ 1 s a, 
(26) -l-J^l,t • 
if 
We see that D^  i s large when the ecosystem i s far from i t s reference 
s t a t e . I t may be a measure of i t s deviation from the reference s t a t e . 
5 . - An index of fluctuations Dg 
Let us define a quantity DQ by the following equation 
(27) H = Z p. In i - - DQ . 
i -1 P i 
The f i r s t term of equation (27) i s ident ica l with the f i r s t term of 
equation {2k). So DQ represents a l l the terms of the expansion in 
ser ies of H beyond the f i r s t order. 
From equations ( l ) and (27) , the expression of D^  i s 
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(28) DQ = E Pi In =^ 
1=1 Pi 
expansion of which gives ' 
(29) DQ = DJ + 0[(p. - p.)3] . 
Remarkably, the function DQ i s def ini te posi t ive (in the sense 
of Lyapimov) and is zero only at the s ingular i ty Cp^  = p^ 
(i = 1 , 2 , . . . , S ) ] . As the f i r s t term of the expansion of DQ i s DQ 
[equation (29)] we s\iggest ca l l ing DQ the index of f luctuat ions. 
With a view of applying th i s index DQ to a theore t ica l model, we 
discuss "briefly the Volt erra-Lotka model. 
6.- The Volterra-Lotka equations 
Let us consider the k ine t i c equations describing the predator-prey 
model of Volterra (1931) and Lotka (1956) : 
dN, (30a) ^ = a^ N^  - X^  N^  Nj 
(30b) •— = A^  N^  Ng - 02 N2 
where N^  (i = 1,2) i s the population of species i and a^ , 03 and 
X^  are posi t ive constants. 
The steady s ta te i s characterized by a se t of populations {NJQ} 
for which 
dU-
^ = 0 
for j = 1,2 . 
The quant i t ies K-Q (j = 1,2) arc the values of W. sat isfying the 
following equations : 
(31a) N^o^"! ~ ^1 ^^20) = ° 
(31b) ^20(^1 ^ 0 - «2) = 0 . 
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When none of the N^Q 'S vanish, they satisfy 
a. (32a) N,n = T^ 
20 X^ 
a-. (32b) N^ o = 1 7 
Volterra (l93l) has shown that there is a constant of motion which de-
pends on the {N^o-^ • ^'^^ defines : 
V = In 
or 
î^ jo 
(33) Nj = N^ o ^ ^  
and we see t h a t , as N . -> N Q , v ^ 0 so that v i s a measure of 
the deviation of N- from the steady s t a t e . 
The equations (30a), (30b) are expressed in terms of the v. by 
d v . V 
(3Î+a) ^ = a,{^ - e ') 
dVo V. 
(3i^b) ^ = a2(e ^ - l ) . 
using equations (32a) and (32b). 
Dividing (3^a) by (3i+b)j one obtains, after integration : 
(35) ^lo^^"'' - ^i) + ^ao^s"^ " ^2) = C"* = ^i 
which i s the constant of motion. Each individual term in equation (35) 
i s posi t ive • V > 0 implies e J > v and v- < 0 , - v- > 0 and 
V. J J J 
e •' i s pos i t ive . 
Hence we have K^  > 0 . 
Any set of i n i t i a l populations yie lds periodic popiolation variations 
which are represented by a closed ciirve about the steady s t a t e . There is 
a whole family of these curves depending upon the i n i t i a l conditions. 
Moreover, i t must be remarked tha t the time averages of N^  and 
Ng during a cycle of period T give, from equations (3^a) and (3^b), 
the re la t ions : 
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(36) - J ^ ^ d t = 0 = a , - c c , - | e 2 dt 
or 
(37a) I J = TJT f N2 dt = N20 . 
S i m i l a r l y 
(37b) N, = N^Q . 
The t ime averages of W, and N^ calcxi lated dur ing a cycle cor -
respond t o t h e values of îl, and Ng a t the s teady s t a t e , N^Q and 
N20 • 
In o rder t o apply the index of f l u c t u a t i o n s t o t h i s model, t h e 
n a t u r a l d e f i n i t i o n of p ropor t ions p . i s 
(38) Pi = g ' ( i = 1,2) 
E N. 
1=1 ' 
b u t t h i s d e f i n i t i o n causes mathematical d i f f i c u l t i e s , due t o t h e fac t 
t h a t N, + Ng i s d i f f e r en t of a c o n s t a n t . Indeed, equat ions (30a) and 
(30b) give : 
(39) ^ (N, + N^) = a, N, - a , N^ 
which i s zero only a t t he s t a t i o n a r y s t a t e . 
I t i s convenient t o t a k e t h e fol lowing d e f i n i t i o n s of p ropor t ions 
Pi = 
N. 
( i = 1,2) (iiOa) 
and 
(40b) 
wi th 
(Ul) 
Ni 
_ Ni 
No = i 
_ N , o 
No 
if 
( i = 1,2) 
2 1 r^ 2 - 2 
1=1 1 JQ 1-1 1-1 
These definitions involve some rather delicate changes : in inte-
grating equations (I) and (2) with respect to all the different accessible 
states of the system, we obtain : - , 
33^  
(U2) E = - :^ dt l Pi In p. 
^ -'o 1-1 
with 
1 f 2 
(^ 3) ;^  dt E p = 1 . 
However, there is no mathematical necessity to work in terms of 
cycle averages but it is only mathematically convenient. 
With these new definitions, let us calculate the index of fluc-
tuations Dg . 
Starting from 
s N, N . 
ikk) H = - z ^ m ^ 
^ 1 
l e t us expand i t in ser ies around ~ up to second order 
1 X 
+ oc(w. - Ëf~)2]} 
Defining DQ by t h e r e l a t i o n 
(1+6) H = r j - E [N^ In - ^ ^ - (N - N-)] - D, 
we ob ta in immediately : 
(hi) DQ = ^ I (N. l n - 5 - + N 7 - N.) . 
0 1=1 N. 
DQ i s a posi t ive defini te fimction (in the sense of ryap\mov) which i s 
zero for N^  = N^  ( i = 1 ,2 , . . . ,S) . For small deviations of N^  from 
if" ( i = 1 , 2 , . . . ,S) DQ reduces to 
1 1 s (N. - K " ) ^ 
-^ 0 '^ 1-1 JJ. 
The average of DQ on a cycle of period T is 
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o 
1 r.. ^^. ^^^ 
= E ^ 1 d t ^ m 
1 = 1 "• JQ '"O N 
Î 1 r . . . p. (^9) . DQ = J^ ^ j dt p^  In 
o P i 
which reduces to the average of function DQ [equation (28)] given 
before. 
Moreover, s t a r t i ng from equations {k2) and (U9), the re la t ion {h6) 
i s wr i t ten : 
(50) îî = HQ - D^ 
with 
S ÏÏ~ I " 
(51) Ho = - I Y - i ^ i r -
1=1 " o 0 
where Hy is the value of H at the reference s t a t e . This re la t ion 
shows tha t the mean diversi ty of an ecosystem H i s equal to the diver-
s i t y of the reference s t a t e H^  minus the mean index of fluctuations DQ 
Thus, only two parameters can define the diversi ty H of an ecosystem : 
the f i r s t HQ i s the divers i ty of the reference s t a t e and the second DQ 
characterizes the fluctuations of the system about the reference s t a t e . 
Remark 
( 2 ) 
I t IS possible to define the function DQ symetrically to DQ 
by the following re la t ion 
(52) D'Q^ ' = ^ j ^ ( i Ç m - ^ + N^  - N 7 ) 
which i s also posi t ive def ini te and zero at 
N. = i T ( i = 1 ,2 , . . . ,S) . 
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(2 ) 
Expansion of function DQ around N- un t i l the second order can 
be wri t ten : 
(53) D'^' ~ DÎ = ^ 1 I < ^ - ^ ^ 0 0 NQ 2 1^1 
Ni 
(2 ) Thus the two functions DQ and D^  are different only beyond the 
second order. 
Now le t us apply the index of fluctuations DQ to the study of 
the s t a b i l i t y of the Volterra-Lotka model. 
7.- Application of the index DQ In the Volterra-Lotka model 
Following I^yapunov, a perturbed system is s table i f i t i s possible 
to find a function L which i s posi t ive definite and the time derivative 
of which i s 
i3k) f . O . , 
The equality characterizes a weakly s table system, i.e. a non-asymptotic 
s t a b i l i t y . Under these conditions, fluctuations of the perturbed system 
do not decay with time; thus , the system remembers indef in i te ly pertur-
bations received from i t s environment. 
. . . . . (2 ) 
As we have defined two posi t ive definite functions DQ and DQ , 
in the sense of lyapunov, which reduce to DQ for small f luctuat ions , 
l e t us apply these functions to study the s t ab i l i t y of the Volterra-Lotka 
model. 
Equation (Uj) i s wr i t t en , using equation (33) : 
(55) D „ = ï l i e ' M v , - O . S a ^ e ' M v , - , ) . 1 
For small fluctuations around the stat ionary s t a t e , DQ reduces to 
*^ - ^ , 2 ^ N2^ , 2 _ K;^  _ , _ ^ _ ^nt (56) D ^ = ^ v ^ . ^ V 3 - = ^ - 1=K2 = C - . 0 
IMQ 11 Q IMQ 
expanding equation (35) up to second order. 
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Th;;is, the index DQ is a constant of motion of the Volterra-Lotka 
model and the s t ab i l i t y of th is system is non-asymptotic according to 
* • . 
lyapunov. As DQ i s equal to K^  m the case of small f luc tuat ions , m 
the Volterra-Lotka model, equation (50) i s wri t ten : 
(57) H = Hg - K^ 
where HQ is the diversi ty of the reference s t a t e and K„ the constant 
of motion. 
We can conclude t h a t , in the case of small f luctuat ions , the mean 
diversi ty of the Volterra-Lotka model i s equal to the divers i ty of the 
s tat ionary s ta te H minus the constsmt of motion Kj . 
Moreover, using equation (33), equation (52) i s wri t ten : 
(58) B'„^) = H ^ ( e ' i - v , ) * f ^ ( e ' ^ - V , ) - , 
which can be coirç)ared to equation (35) : 
(59) K^ = N^ Q (e""" - v^) + NgQ (e''^ - v^ ) > Ng 
and we have 
(60) D«,^ ' = ^ - 1 = c"^ . 0 . 
( 2 ) . . . 
Thus, the index D„ is surprisingly a constant of motion of the 
Volterra-Lotka model and we can conclude that the s t a b i l i t y of t h i s sys-
tem i s non-asymptotic for any arbi t rary perturbation received from en-
vironment. 
Now, l e t us apply th i s index of fluctuations in an experimental 
d i s t r ibu t ion of species in the North Sea. 
8.- Appl icat ion of the index D,^  i n an experimental d i s t r i bu t i on of 
species 
Hecq and Heyden (I97l) have obtained experimental data on the va-
r ia t ion of the proportions of five species of Mysidaaea during 72 
hours, between Uth and 9th December 1971, at Station M06 (58°28'25" N, 
Proportions o^ f^ vF '=;ppcit>s of hysidacea 
sp 1 SchistonsiE spiritus 
sp 2 Srh-Stonsi^ ki^ rvillti 
sp 3 McsopoaopSiS stellen 
sp 4 Gastrosaocus sanctus 
sp 5 Gastrosaocus spinifer 
Date 
6/12/71 
7/12/71 
8/12/71 
9/12/71 
1 
Hour 
17h20 
20h23 
23h23 
2h35 
5h15 
8h55 
12h05 
15hüü 
18h55 
21h30 
0h15 
3h15 
6h30 
Sh20 
13hü5 
15h30 
18h30 
21h50 
1h25 
4h30 
7n2û 
10h15 
13h35 
16h54 
Sampling 
number 
1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
F i ( t ; 
r^ 1 
47.2 1 31.5 18 9 
31.C 
23.2 
36 
10.3 
47.8 
43.3 
18.5 
8.9 
18.28 
28.67 
33.3 
49.3 
69 
45.2 
49.3 
20.68 
27.8 
25.39 
23.4 
40.62 
86.3 
23.68 
75.8 
54.16 
49.1 
23.7 
87.4 
31.1 
36.6 
65.5 
87.9 
70,91 
38.97 
33.3 
30.6 
25.3 
28.5 
23.9 
72.4 
63 
43.65 
62.06 
53.12 
0 
71.57 
PjitJ 
"o 
4,6 
0.2 
6,6 
2,1 
13.4 
0.2 
2.1 
3.3 
3.7 
0.3 
0 
0 
13.3 
8 
1.4 
21.4 
16.9 
0 
0.5 
0.79 
2.06 
6.25 
9 
0 
% 
4.6 
2.7 
6.6 
16.1 
15.4 
1.5 
0 
3.3 
0 
1.1 
8 
25.73 
10 
0 
0 
0 
0 
1.72 
4.4 
30,95 
9.65 
0 
0 
4,2 
P5(t) 1 
% 
12 
2,3 
1.04 
10.7 
11.3 
0,6 
10,8 
13.3 
9.2 
1.7 
2.7 
6.61 
10 
12 
9.1 
4,76 
9.8 
5.17 
4,1 
7,14 
2,75 
0 
4,54 
0.5 
iViean proportions of thp five species of Mysidacea 
1^ 1 
0.3444 
P2 
0.4833 
Po 
U-
0.0483 
F4 
Ü,050S 
P5 
0.0632 
! 
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03°09'15" E) , close to the Westerschelde Estuazy in the North Sea. These 
haul ts were taken in the surface layer every three hours, so that four 
samplings were made by t i d a l period. Pesults are given in Table 7 .3 . The 
five species of studied ^é^sidacea are the following : Schistomsis 
spirituSj Schistomsis kerviZlet^ Mesopodopsis stellerij. Gastrosaoaus 
sanctuSj Gastrosaoaus spinifer. The f i r s t two species are in great abun-
dance and the other three less numerous. 
Let us say that the sea, re la t ive ly quiet during the f i r s t three 
t i d a l periods, became agi ta ted , so that we have two d i s t inc t in terva ls 
from the point of view of turbulence of the sea. 
In Table 7.^ we give the time averaged proportions of each species 
during the 72 hours. The f i r s t two species are the most abundant, 
whereeis the l a s t three are in small number. 
Table 7-5 gives the time variations of the three indexes of diver-
s i t y : H given by equation ( l ) , D. by equation ( l l ) and Dj by 
equation {2k). The indexes of fluctuations DQ , equation (28), and D* , 
2 
equation (29) and the variance o , equation (17)» are also given. The 
binaiy units (b i t ) were used, i.e. the indexes are expressed in terms of 
a logarithmic scale to the base 2 . The conversion formula i s given by 
log2 = (In 2)"^ In = 1.1^ 3^ In . 
The comparison between the index Dj with the exact H shows a 
very good agreement whereas the index D^  i s only applicable when the 
divers i ty i s suff icient ly la rge ; for small diversi ty D^  can be negative. 
An in t e re s t ing fact i s that the minima and the maxima of a l l the three 
indexes occiir at the same t ime. Thus, qua l i t a t i ve ly , the three indexes 
give iden t i ca l information. 
The index DQ i s in good agreement with D* but the variance a 
2 
IS very bad. The variance a cannot be used as a measure of the in ten-
s i ty of the fluctuations of the ecosystem. 
Figure 7'2U gives the evolution of the three indices H , D^  and 
D2 with time (sampling n\miber). At f i r s t s i gh t , i t i s seen tha t the 
divers i ty osc i l l a tes with a period in close re la t ion with the t i d a l 
period. Recall that four samplings were made by t i d a l period; so , we see 
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Table_7_^5 
Indexes of diversity and fluctuations (bit) 
! Sampling 
j number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3 
14 
1 5 
16 
17 
18 
1 9 
2 0 
21 
22 
2 3 
24 
H 
1.81 
1 .04 
1 .59 
1 .88 
2 .18 
0.66 
1 .50 
1 .77 
1.34 
0.67 
1.23 
1 .81 
2 .11 
1.69 
1 .27 
1 .72 
1 .76 
1.13 
1 .36 
1 .88 
1 .50 
1.25 
0.70 
1 .07 
^^ 1 
1 .59 
0.18 
1 .27 
1 .66 
2.11 
- 0.67 
1 .44 
1 .58 
0.84 
- 0.70 
0.53 
1.78 
2.01 
1.50 
0.61 
1.62 
1 .60 
0.40 
Û.87 
1 .68 
1.10 
1.10 
- 0.57 
0.40 
°2 
1.75 
0.97 
1 .59 
1 .78 
1 .96 
0.53 
1 .35 
1.71 
1 .28 
0.53 
1 .19 
1 .41 
2 .00 
1.63 
1 .17 
1.34 
1 .55 
1.09 
1 .33 
1 .29 
1.46 
1 .31 
0.48 
1 .04 
D o x 2 
0.218 
0.508 
0.120 
0.322 
0.554 
1 .016 
0.172 
0.182 
0.312 
1 .026 
0.446 
0.686 
0.272 
0.444 
0.956 
0.800 
0.758 
0.446 
0.184 
1 .084 
1 .980 
0.384 
2.406 
0.474 
0-0x2 
0.231 
0.455 
0.087 
Ü.357 
0.663 
0.889 
0.319 
0,210 
0.305 
0.910 
0.370 
1.026 
0.349 
0.377 
0.799 
1.078 
0.820 
0.370 
0.157 
1.559 
1.90 
0.208 
1.971 
0.365 
S^a^ X 1.443 
1 .018 
2.972 
1.457 
0.923 
0.296 
4.147 
1.227 
1.025 
2 .060 
4.195 
2.481 
0.756 
0.432 
1.140 
2.377 
0.968 
1.000 
2 .670 
2 . 01 0 
0.897 
1.809 
1.802 
4.008 
2.672 
s ix minima and s i x maxima. The mean current direction is also given, in 
Figure 7.2U, successively we get current directions NW , SW , SE and 
NE . At f i r s t s i gh t , the minima of the diversi ty corresponds to NW 
current d i rect ion. As the s ta t ion M06 where the hauls were made i s close 
t o the Westerschelde Estuary, the NW current brings water from the 
Estuary where the diversi ty of îâysidaoea i s smaller than in water coming 
from the sea. So the t ransport of lâysidaoea with a weak diversi ty i s well 
visual ized by the minima of the index of d ivers i ty . For the f i r s t three 
t i d a l cycles, the correspondance between the minima and the NW current 
i s per fec t , in t h i s case, the sea i s calm, whereas for the l a s t three 
log S 
Index of diversity (bit) D, 
D, 
Quiet Sea Rough Sea 
2 . 
1 . \ \7 
NW 
A\ 
// 
^/. 
/: n 
/ 
/A 
\f ; 
NW , 
• \ J 'J 
v 
NW 
\\N 
\N 
\N 
\ / 
\ I 
/ 
' / 
/ \ 
\ \ 
I \ 
x 
y^ 
V 
\_ 
NW SW SE NE 
I 
I 
I 
!NWI NW 
I 
NW 
Mean current direction 
NW 
• ' ' ' JL 
NW 
' • > 
10 12 13 U 15 16 17 18 19 20 21 22 23 
Sampling nurnber 
24 
fig. 7.24.- H is the Shannon-Weaver index of diversity, D •] is the development of H around the mean 
up to the second order and Oj is the development of H around the reference state up to 
the second order. 
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fig. 7.25.- D IS the index of fluctuations and represents the second order term of 
- 31+1 -
t i d a l cycles the effect of the turbulence of the sea i s seen by a shif t ing 
of these minima. Moreover, the in tens i ty of the osc i l la t ions of the d i -
versi ty i s re la t ively constant with time. 
In Figure 7-25 » the indexes of f luctuations DQ and D* are 
plot ted in function of the time as in Figure T.2k. But, contrary to 
Figure 7-2^, we observe osc i l l a t ions of the index with the t i d a l cycles, 
only \inder calm conditions and the maxima of fluctuations occtir when the 
NW current brings Mysi-daaea from the Estuary. So, maxima of the index 
of fluctuations cor^-esponds to minima of the index of d ivers i ty , and so , 
the index of fluctuations gives a very a t t r ac t i ve measure of perturba-
tions of an ecological system around i t s reference s t a t e . On the other 
hand, for the turbulent sea region, the maxima of the index of fluctua-
t ions corresponds no more to ITW current d i rec t ion . Moreover, the maxima 
of the variat ion of the index becomes very l a rge ; at sampling number 23, 
the index i s 1.203 whereas the other maxima are around 0.5 • 
Now l e t -us compare the behaviour of the index of diversi ty with the 
index of f luctuat ions. In the calm sea region the two indices follow the 
t i d a l cycle and the minima of the divers i ty correspond to the maxima of 
the index of fluctuations which occur with the NW current direct ion 
t ransfer r ing Mysidaeea of weak; diversi ty from the Estuary. 
On the other hand, in the turbulent sea region, no such correspon-
dance exis ts between the two indexes, the index of diversi ty keeps the 
same behaviour as in the calm sea region whereas the index of fluctuation 
increases strongly with turbulence. Moreover, in sampling numbers 6 and 
23, the indexes of diversi ty are the same 0.66 and 0.70 respectively 
and the indexes of fluctuations are O.508 and 1.203 respect ively. So, 
two iden t ica l values of the index of d ivers i ty can correspond to two 
strongly different values of the index of f luc tua t ions . The second index 
gives more information about the deviation of an ecosystem from i t s 
reference s t a t e . 
Final ly , in Figure 7-26 we have p lo t t ed H and H which are 
defined as 
(61) HQ = - E i 7 In i " 
^ 1-1 
0 | _ j . 
NW 
Ho • Hi (bit) 
I % 
1 2 3 4 5 6 7 8 9 10 11 12 13 U 15 16 17 18 19 20 21 22 23 24 
Sampling number 
f i g . 7 .26. - H_ and H^  represent the f i r s t two terms of Dj • 
U) 
ro 
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and 
(62) H. = - Z ( In p . ) ( p . - p . ) 
' 1 = 1 1 1 1 
which are the f i r s t two terms of the ser ies development of H around the 
reference s t a t e [equation (22)] . HQ i s the divers i ty of the reference 
s t a t e and i s a constant with time whereas H^  i s a function of t ime. 
In conclusion, two opposite phenomena influence the value of the 
d ivers i ty ; f i r s t we observe a decrease of the divers i ty with time which 
corresponds to a flow of diversi ty from the Estuary (the diversi ty of 
the hiysi-dacea in the Estuary i s smaller than in the s ea ) . Second, the 
divers i ty increases because of diffusion phenomena. Thiis the flow of 
divers i ty i s , on the average, sufficient t o maintain the ecosystem at 
i t s reference s t a te and compensate the diffusion processes. 
9 . - Conclusion 
Defining a "reference s t a t e " for a d is t r ibu t ion of species as the 
ensemble of space-time average proportions of species p^ , an index of 
d ivers i ty i s derived from the Shannon-Weaver formiiLa, which reduces to a 
simple re la t ion depending on the t o t a l number of species S and the 
2 
variance of dis t r ibut ion a around the mean. 
For the study of fluctuations around the reference s t a t e , we in -
troduce an index of fluctuations D. which i s a pos i t ive def ini te 
function in the sense of liyapunov, and zero at the reference s t a t e . 
Considering the well-known model of Volterra-Lotka to describe 
a "predatoi^prey" population, the index of fluctuations DQ i s applied 
exp l i c i t e ly . Moreover, another function DQ ' symmetrical to DQ , 
i s presented. 
The discussion of the time derivative of the index of fluctuations 
DQ leads to the non-asyrrptotic s t a b i l i t y of the Volterra-Lotka model 
in the case of small perturbations of the s ta t ionary s t a t e : DQ i s a 
constant of motion. Moreover, the function DQ i s surprisingly a 
constant of motion of the Volterra-Lotka model for any arbi t rary per tur -
bation received from the environment. 
I 
- 3kh -
Thiis, t h e index of f l u c t u a t i o n s DQ can be used as a p r a c t i c a l 
c r i t e r i o n of s t a b i l i t y of an ecosystem. Moreover, an average of the 
index of d i v e r s i t y of an ecosystem H can be w r i t t e n as : 
H = H, - D^ 
where HQ i s the d i v e r s i t y of t h e re ference s t a t e and DQ t h e average 
of the index of f l u c t u a t i o n s D. 
— 1 r^ S Pi 
•^ 0 ^=1 p^ 
F i n a l l y , a l l t h e s e indexes are compared on an exper imenta l example : 
t h e v a r i a t i o n of t h e d i s t r i b u t i o n of ^lysidaoea a t a po in t of the North 
Sea. The index of f l u c t u a t i o n s appears t o be a very a t t r a c t i v e measure 
of the e f f e c t s on the ecosystem of e x t e r n a l p e r t u r b a t i o n s . 
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